ABSTRACT Early age thermal conditioning (TC) durably improves resistance of broilers to heat stress and reduces body temperature (Tb). Three experiments on broiler chicks were conducted to evaluate the effects of TC at 5 d of age on Tb variation measured by thermometer between 4 and 7 d of age, under a tropical environment. Because manipulation of chickens to measure Tb with a thermometer may increase Tb, a preliminary experiment on 13 3-to-4-wk-old male broilers compared Tb measured by telemetry to Tb measured in the terminal colon during three successive periods at 22, 33, and 22°C. During heat exposure, Tb rapidly increased by 0.9°C and plateaued over 24 h. During the last period, seven of the broilers rapidly reduced Tb to a plateau lower than the initial Tb, although six broilers exhibited more variable Tb. Mea-
INTRODUCTION
Early age thermal conditioning (TC) has been proposed as a technique to reinforce resistance of broiler chickens to heat stress during the finishing period (Yahav and Hurwitz, 1996; Zhou et al., 1997; Arjona et al., 1988; Yahav and Plavnik, 1999) . Recent results further suggest that TC might durably stimulate muscle growth by increasing the satellite cell myogenic process in young chicks (Halevy et al., 2001) . In a previous publication (De Basilio et al., 2001c) body temperature (Tb) of TC-exposed chicks (T) was lower at 25 d of age compared to control chicks (N), and lower Tb was associated with greater resistance of individuals to heat stress at 34 d of age. Similar results were obtained with acclimation at older ages with various heat challenges (May et al., 1987; Lott, 1991; Teeter et al., 1992) .
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surement by thermometer underestimated on average core Tb by 0.28°C at 22°C and by 0.57°C at 33°C, whereas Tb recorded by telemetry was not affected by manipulation of the chickens. TC reduced Tb 24 h later in the three experiments. Compared to unexposed control chicks (N), 12 h of TC at 40°C did not significantly reduce Tb at 7 d of age, although 24 h did. TC at 38 and 40°C over 24 h significantly reduced Tb variation from 4 to 7 d of age compared to N chicks, whereas 36°C did not. Withdrawing feed from the chicks for 2 h prior to measurement did not significantly reduce Tb at 4 and 7 d of age, but Tb reduction due to TC was greater in fed chicks (0.28°C) than in chicks without feed (0.05°C). Early age thermal conditioning at 38 to 40°C at 5 d of age for 24 h reduced body temperature of 7-d-old male broilers. exposure. Several factors may interfere with the initial stimulation before challenging the chickens at 34 to 45 d of age, which might explain certain failures of the technique (Mc Donald et al., 1990; Smith and McGhee, 1990; May, 1995) . Experimental conditions differ from real production in various aspects such as homogeneity of ambient temperature (Ta) at the bird level in a tropical poultry shed, number of chickens necessary to demonstrate an effect of TC on mortality rate, or real climatic conditions perceived by chickens. TC has proved to be effective to stimulate resistance of broilers to heat stress under tropical conditions both at experimental station (De Basilio et al., 2001b ) and on farm (De Basilio et al., 2001a) levels. Preliminary observations under such conditions, suggest that Tb of chicks is reduced by 0.13 ± 0.02°C as early as 24 h after TC. Measuring the short-term Tb response in chicks would facilitate the study of TC conditions such as duration, Ta level, actual age of the birds, and genotype on one of the consequences of the technique (reduction of Tb), which might be related to thermotolerance.
Abbreviation Key: N = not conditioned chicks; T = thermal-conditioned chicks; T a = ambient temperature; Tb = body temperature; TC = early age thermal conditioning.
Since early measurements of Tb by telemetry (Cain and Wilson, 1971; Mitchell and Siegel, 1973; Meltzer, 1983) most published results have measured Tb with a thermometer in the cloacca or the terminal colon. However, handling of cockerels or eiders can induce a rise in Tb and heart rate when measured by telemetry (Cabanac and Aizawa, 2000; Cabanac and Guillemette, 2001 ). Therefore if Tb is to be used on a larger scale to describe variations as low as 0.1 to 0.2°C, a reassessment of the validity of Tb measurements seems worthwhile. The first experiment evaluates the validity of Tb measurements at different Ta by comparing the measurements obtained by telemetry just before and just after handling 3-wk-old broilers for measuring their Tb with an external thermometer. The other three experiments measure the effects of the duration and level of Ta during TC and the effects of feed withdrawal on short-term variations in Tb in 5-dold broiler chicks in a tropical environment.
MATERIALS AND METHODS

Experimental Procedures
Limited numbers of chickens were involved in the three first experiments due to equipment constraints (experiment 1) and the need to measure Tb and individual feed and water intake of all chickens within a short period with the least possible disturbance (experiments 2 and 3). The specific goals were to evaluate the duration of TC for experiment 2 (12 vs. 24 h), the Ta applied during 24 h TC for experiment 3 (36, 38, or 40°C) , and the effects on chicks of withdrawing or continuing feed for 2 h prior to measuring Tb for experiment 4. Lighting was continuous during all experiments, and a standard starter diet (De Basilio et al., 2001c) and water were provided ad libitum except for 4 h for some chicks in experiment 4.
Experiment 1: Measurement of Tb by Telemetry or Thermometer. Twenty-eight male broiler chickens (Ross) were raised in groups of two in small open wooden boxes (80 × 35 × 35 cm) in an environmentally controlled chamber (4 × 3 m) at the poultry research center at Nouzilly, France. At the age of 16 d, feed was withdrawn from one chicken from each pen overnight before anesthesia and a transmitter 2 (size = 28 × 16 × 7 mm, weight = 6.9 g) was introduced in the abdominal cavity. Prior to utilization, each transmitter was calibrated with the external thermometer used for measuring Tb in the final colon using a constant temperature water bath at 38 and 44°C. The two chickens in each wood box (one implanted and its nonimplanted companion) were separated by a grid. The presence of a companion is recommended to reduce fear during telemetry recording. After 6 d of recuperation postsurgery, the 14 implanted chickens were successively recorded in groups of two pens. At 0900 h, two antennas 3 were fitted for 48 h under the floor of two wooden boxes on the side of the implanted broiler. Antennas were connected to a PC equipped with specific software. 4 The boxes with their antennas were successively transferred to two different environmentally controlled chambers, identical to the raising chamber, but thermostatically set at 22 ± 1°C and 33 ± 1°C. Chickens were kept successively for 3 h at 22°C and 24 h at 33°C and were taken back to 22°C for 21 h before returning to the raising chamber. The 14 implanted chickens were successively recorded in pairs from 22 to 30 d of age. Four boxes were recorded at any given time (two in the 22°C chamber and two in the 33°C chamber).
Experiments 2 and 3: Effect of duration and Ta of TC on Tb Variation. A total of 56 male broiler chicks (Cobb) were obtained at hatching, wing-banded, and raised in a semicontrolled poultry shed of the poultry research station at Maracay, Venezuela. Two rooms protected by black nylon nets (glass house type to filter 80% of external radiation) were used. The raising room was equipped with 16 infrared bulbs (250 W each) to maintain Ta at 30 ± 3°C. The TC room was equipped with circles (2.5 m diameter) with one thermostated gas radian and four infrared bulbs for each circle specifically calibrated to maintain a specified Ta (31, 36, 38, or 40°C) with no more than 1°C variation at the level of the chicks. Chicks were raised in individual cages (24 × 20 × 15 cm) equipped with individual troughs and drinkers. At 5 d of age, chicks were transferred within their individual cages from the raising room into the TC circles of the TC room. After TC, chicks were immediately returned to the raising room. In experiment 2, 24 individually controlled chicks received one control and two TC exposures (eight repetitions per exposure): 31°C for 24 h, 40°C for 12 h, and 40°C for 24 h. In experiment 3, 32 individually controlled chicks received one control and three TC exposures for 24 h (eight repetitions per exposure): 31, 36, 38, and 40°C.
Experiment 4: Effect of feed Withdrawal 2 h Before Tb Measurement. A total of 144 male broiler chicks (Cobb) were obtained at hatching, wing-banded, and raised under the same conditions as in experiments 2 and 3 except that 24 cages of six chicks were used (40 × 38 × 15 cm) instead of individual cages. Chicks T (12 cages) were exposed to TC at 5 d of age at 40°C for 24 h and control chicks N (12 cages) were maintained at 31°C during the same period. Tb was measured by thermometer at 4 and 7 d of age after 2 h of feed withdrawal for 12 cages (6 N and 6 T) and with feed provided ad libitum for 12 cages (6 N and 6 T).
Measurements
The BW, feed intake, and water intake were measured by weighing chicks, individual troughs, and drinkers on electronic balances (± 0.1 g). Ta and relative humidity were recorded continuously throughout experiments using thermo-hygrometers at chicken level. Body temperature was obtained using a rapid electronic thermometer 5 FIGURE 1. Experiment 1. Average body temperature (Tb) measured continuously intra-peritoneally by telemetry over three successive periods: Ta = 22°C (initial), 33°C (heat), and 22°C (final) in 13 3-to-4-wkold broilers. Subgroup 1 (seven chickens) was distinguished from subgroup 2 (six chickens) by Tb variation during the last period. and a probe (diameter = 3.5 mm) calibrated to 0 to 60°C with precision of 0.1°C. Optimal penetration and timing were determined by preliminary trials. Optimal penetration was 2.5 cm at 4 to 7 d of age and 4 cm at 3 to 4 wk of age to guarantee that the extremity of the probe was in the terminal colon. After introduction, 20 s was required to stabilize at a Tb level, which would not subsequently vary by more than 0.1°C. Simultaneous telemetry recordings of Tb were performed continuously over 48 h in experiment 1 on four chickens. The signal emitted by transmitters was averaged for 5 s at 20-s intervals. Tb data were recorded every 20 s for 48 h for each experimental chicken.
In experiment 1, BW was measured at the beginning and at the end of the 48 h of Tb recording. Feed intake was individually measured during each successive period (initial 3 h at 22°C, heat 24 h at 33°C, and final 21 h at 22°C). Tb was continuously recorded by telemetry and four times by thermometer in the terminal colon, 1.5 h prior to and after changes of Ta. The exact computer time was noted at the precise moment of manipulation of the chicken in order to locate it in the telemetry records.
In experiments 2, 3, and 4, BW were obtained immediately prior to and after the TC challenge given between 5 and 6 d of age. Tb was measured by thermometer in the terminal colon at 4 d of age (24 h before beginning TC) and at 7 d (24 h after the end of TC). In experiments 2 and 3, feed and water intake were individually recorded during the TC period.
Statistical Analyses
The BW and BW gain, feed and water intake, and Tb measured by thermometer were compared by one-way ANOVA, and, when significant (P < 0.05), means were compared by the Newman and Keuls test (Snedecor and Cochran, 1968) . In experiment 4, BW and Tb were averaged per cage, and cage means were subjected to twoway ANOVA (feeding status × TC).
The Tb measured by telemetry were individually averaged per hour to describe the overall variation within 48 h and by periods of constant Ta (initial, heat, final). Each measurement of Tb by thermometer was recorded, and telemetry data corresponding to manipulation of the chicken (nine records, 80 s before and 80 s after the measurement time) were eliminated due to misrecording of the signal. The eight records before (240 s to 100 s before measurement time) were averaged and compared (Wilcoxon paired test) to the average of the eight records taken 100 s to 240 s after measurement time. This comparison evaluated the short-term effect of manipulation on Tb for each chicken. The average value of 16 telemetry records was used to compare Tb measured by telemetry to Tb measured by thermometer by linear regression. An AN-OVA with repeated measures compared the two techniques during the three successive periods (initial, heat, final).
RESULTS
Experiment 1: Measurement of Tb by Telemetry or Thermometer
Of 14 implanted chickens, none exhibited postsurgical problems. Postmortem examination at the end of the experiment showed normal healing and no lesions. Transmitters were located in the abdominal cavity at different places (closer to liver or closer to cloaca). One chicken had to be withdrawn from the analysis because the recorded signal was inconsistent. The following results are based on all the data from the remaining 13 chickens.
Mean BW at the beginning of the experimental recording (22 to 28 d of age) was 962 ± 51 g and 1,064 ± 52 g at the end of the recording (24 to 30 d of age). Mean feed intake during the three periods was: initial (22°C) = 14.1 ± 2.8 g/h, heat (33°C) = 3.7 ± 0.4 g/h, and final (22°C) = 4.8 ± 1.5 g/h.
The Tb measurements by telemetry were divided into two subgroups of chickens because the examination of individual curves of Tb revealed two distinct patterns during the final period. In subgroup 1 (seven chickens) Tb was stable and relatively low during the 21 h of the final phase. In subgroup 2 (six chickens) a peak of Tb was observed during the final phase, and, on average, Tb was significantly higher than in subgroup 1 ( Figure  1 ). This unexpected result led to comparison of earlier findings on the basis of these two subgroups. Tb during initial and heat periods did not differ significantly between subgroups. Both types of chickens exhibited a rapid (1 h) rise in Tb of 0.9°C when exposed to 33°C and Tb remained on a plateau during the heat period with a similar decrease during the last 2 h. The final period started with a rapid decrease in Tb for both subgroups during the first hour. However, after the first hour, birds in subgroup 1 further decreased their Tb to reach a plateau at 41.58 ± 0.07°C (i.e., lower than Tb during the initial period, averaging 42.05 ± 0.13°C for the same chickens; Wilcoxon P < 0.05). In contrast, chickens from subgroup 2 exhibited similar Tb during the initial and final periods (42.32 ± 0.10°C and 42.14 ± 0.09°C, respectively). There FIGURE 2. Experiment 1. Relationship between body temperatures (Tb) measured by telemetry in the abdominal cavity and by thermometer in the terminal colon at Ta = 22°C (two measurements) and 33°C (two measurements) in 13 3-to-4-wk-old broilers.
were no significant differences between mean BW and feed intake of the two subgroups in any period.
The Tb measured immediately prior to and after manipulation of the chicken for measurement of Tb by thermometer did not differ. The average values were 41.87 ± 0.12°C and 41.84 ± 0.12°C, respectively, for the initial period; 42.85 ± 0.14°C and 42.87 ± 0.10°C, respectively, for the first control of the heat period; 42.64 ± 0.15°C and 42.60 ± 0.15°C, respectively, for the second control of the heat period; and 41.92 ± 0.05°C and 42.00 ± 0.06°C, respectively, for the final period (1.5 h after return to 21°C). Means of Tb obtained by telemetry prior to and after manipulation were subsequently used for further comparisons between methods of Tb measurements.
The Tb measured by telemetry and by thermometer were significantly correlated (R = 0.824). However, Tb measured by telemetry were on average 0.37°C higher than those measured by thermometer (Figure 2) . When compared by periods, this tendency to underestimate Tb by thermometer in the terminal colon was greater (0.57°C) during the heat period than during the initial (0.24°C) and final (0.32°C) periods, and the interaction between method and period was significant (Table 1) . Nevertheless, interindividual variability of the measurements was identical (residual errors, Table 1 ) for both techniques. In short, Tb measured by thermometer might underestimate average core temperature and its variations but allowed comparisons among treatments.
Experiment 2: Effect of Duration of TC on Tb Variation
Average BW before TC was 110.8 ± 2.6 g, with no significant differences among the three treatments. During the first 12 h of TC, average feed intake of heatexposed chicks (0.69 and 0.74 g/h at 40°C) was significantly lower than for the controls (1.00 g/h per N chick). A parallel reduction in BW gain was measured (0.12 and 0.26 vs. 0.63 g/h). Water intake was not significantly changed by TC (2.5, 2.3 and 2.4 g/h, respectively). During the 12 following h, these values remained similar for T chicks maintained at 40°C, but those chicks exposed to TC for only 12 h came back to growth and intake levels not significantly different from N chicks maintained at 31°C.
The Tb was significantly increased in chicks exposed to TC compared to N chicks, and the average values obtained after 12-or 24-h exposure to 40°C were similar (Figure 3) . One day (24 h) after the end of TC, Tb was reduced in the chicks exposed to TC for 24 h compared to N chicks (P < 0.04). However, Tb of chicks exposed to TC for only 12 h did not differ from that of N chicks 24 or 36 h after the end of TC.
Experiment 3: Effect of Ta During TC on Tb Variation
Before TC, average BW was 130.6 ± 5.7 g with no differences among the four treatments. During TC, BW gain was significantly decreased according to the Ta level (Table 2). Although there was no difference in BW between N chicks and T chicks exposed to 36°C, T chicks exposed to 38 or 40°C had lower BW gain by half that of N chicks. Water intake was significantly increased at 40°C compared to N, but feed intake was not affected by TC under the conditions of this experiment.
Average Tb values at 4 d of age were similar for the four treatments. At 7 d of age (24 h after TC), Tb was significantly reduced by TC at 40°C but not at lower Ta (Table 2 ). Tb variation from 4 to 7 d was greater in N chicks (0.54°C) than in T chicks exposed to 38°C (0.21°C) and 40°C (0.09°C). TC at 36°C did not significantly change any measured parameters compared to the N chicks.
Experiment 4: Effect of Feed Withdrawal 2 h Prior to Tb Measurement
Before TC, average BW was 102.8 ± 1.3 g without differences among the four treatments. BW gain was significantly reduced by heat exposure during TC at 40°C for 24 h (0.58 ± 0.04 g/h for N and 0.41 ± 0.03 g/h for T) without an effect of the 2 h of feed withdrawal at 4 d of age.
Average Tb at 4 and 7 d of age were not changed by 2 h of feed withdrawal prior to measurement (Table 3) . At 7 d of age, TC resulted in significantly lower Tb in T chicks compared to N chicks, and the variation in Tb from 4 to 7 d of age was significantly reduced by TC. Although interactions between the feeding status and TC were not significant (P = 0.08), Tb variations associated with TC were greater when chicks were fed compared to their counterparts whose feed was withdrawn. There were no significant relationships between BW or BW gain and Tb or Tb variation in this experiment. 
DISCUSSION
The Tb was reduced immediately after early age TC in the three experiments presented here. Similar reductions of Tb due to TC were measured at older ages under warm and thermoneutral conditions (Yahav and Hurwitz, 1996; Zhou et al., 1997; Yahav and Plavnik, 1999; De Basilio, 2001c) . Tb seems "preferable to mortality as a measure of acclimation in broiler" (May et al., 1987) . When acclimation was practiced at an older age, the rise in Tb during heat stress was reduced in acclimated chickens, but in at least two cases Tb at thermoneutrality was higher in acclimated than N chickens (May et al., 1987; Teeter et al., 1992) .
Fast-growing broilers have higher Tb and sensitivity to heat stress than slower-growing chickens (Berrong and Washburn, 1998; Deeb and Cahaner, 1999) . Although heritability estimates for Tb are usually low within the same genotype (Dunnington and Siegel, 1988; El-Gendy and Washburn, 1995) , genetic variation of Tb induced by TC has not been evaluated to date. TC may activate the expression of genes at a critical moment in the development of homeothermia in chick lives and thus have long lasting effects on resistance to heat stress.
The three factors tested modulated the effect of TC on short-term variation of Tb. An exposure of 12 h failed to reduce Tb significantly (experiment 2), Ta at 36°C during TC had no effect on any measured parameter (experiment 3), and although the interaction between feeding status and TC was not significant, the reduction in Tb from 4 to 7 d of age in T chicks was less when feed was withdrawn for 2 h prior to measuring Tb than when chicks were fed ad libitum (experiment 4).
Repeated exposure to TC at 5 and 7 d of age proved to be ineffective in reinforcing the effects of TC on resistance to heat stress and reduced growth (Yahav and Hurwitz, 1996) . Short periods of exposure were tested in older birds by others (Lott, 1991; El Gendy and Wasburn, 1995) but not at an early age. Is 24 h an optimal duration for TC? It is difficult to draw a definite conclusion from a small-scale experiment with limited repetitions. It is, however, an important and practical question at the farm level because TC requires precise control of the homogeneity of actual Ta at level of the chicks, which is easier to achieve for a shorter period and also the energy cost of TC may be reduced (De Basilio et al., 2001a) . Reducing TC duration cannot be suggested from the present results.
Variability in published results may also originate from the Ta levels applied to the chicks. Reduced effects of TC were recorded with Ta of 36°C during exposure (May, 1995) or varying from 35 to 38°C (McDonald et al., 1990) . In contrast, clear positive results have been reported with TC at 36°C (Yahav and Hurwitz, 1996) and at Ta varying from 35 to 37.5°C (Arjona et al., 1988 (Arjona et al., , 1990 . Convincing evidence of effective TC at 36 to 37.5°C for 24 h with broiler chicks at as early as 3 d of age has recently been published ). The chicks tested in experiment 3 might have required an optimal Ta of 40°C during TC because they were older. A key question requiring further investigation is the actual age of "dayold chicks" because the time spent from hatching to arrival at the farm may vary from 12 to 60 h. The effect of TC on Tb reduction in experiment 3 were almost proportional to the Ta applied suggesting that greater attention should be given to that factor, especially under tropical conditions.
Feed intake induces thermogenesis and may interfere with Tb measurements. In meal-restricted-fed broiler breeders, Tb measured by telemetry increases by 0.5 to 1.5°C after feeding (Wilson et al., 1989) . Although 2 h of (Wilson et al., 1989) , the stress induced by feed withdrawal or by the longer time needed by experimenters to measure Tb in 144 chicks might have interfered with the results. Feed restriction early in life may under certain conditions improve long lasting resistance of chickens to heat stress and diseases (Zulkifli et al., 1994; . Also TC reduces feed intake over 24 h, and consequently TC might induce nonspecific stress responses in young chicks. Alternatively, if TC reduces nutritional thermogenesis, its effect on Tb might be easier to measure when chicks are fed.
Broiler chickens continued to eat even with a Tb 0.9°C above thermoneutral level at the age of 3 to 4 wk. During the first experiment, feed intake was stimulated during the initial period due to delivery of fresh feed in the trough at the beginning of the experimental period. This over consumption over 3 h might have accelerated the rise in Tb when chickens were exposed to 33°C. However, similar increases in Tb have been reported (Zhou et al., 1997; De Basilio et al., 2001b,c) . The differences observed between the two subgroups of chickens during the final period raise several questions. Were chickens from subgroup 1, which Tb was lower after than prior to heat exposure acclimated, and chickens from subgroup 2 resistant to acclimation? Such a conclusion cannot be drawn because the initial period only lasted 3 h at a different time of the day compared to the final period, and chickens (Koh and Macleod, 1999) . Does heat exposure to 33°C induce a delayed fever reaction in some broilers? A specific experiment should be performed to study hypothetical delayed effects on Tb variation after heat exposure in broilers. The unexpected observation of distinct Tb patterns reinforces the value of more detailed measurement of Tb in broiler chickens. Gentle manipulation of the broilers did not induce a rise in Tb, at least on a short-term basis. This result supports measurements of Tb by thermometer in the terminal colon. Fever induced in adult cockerels (Cabanac and Aizawa, 2000) was not reproduced in 3-to 4-wk-old chickens, and it is unlikely the case in younger chicks. Adaptation of the telemetry technique to young chicks might be possible using transmitters developed for mice. In the present study, core Tb was underestimated in the terminal colon to a magnitude similar to results reported by Mitchell and Siegel (1973) . The exact position of the transmitter in the abdominal cavity and the presence of feces in the colon might account for the differences measured. Although measurement of Tb by thermometer in the terminal colon underestimates Tb variations induced by heat exposure, it remains a useful and practical tool to evaluate the thermal status of broilers under tropical conditions. Early age thermal conditioning at 38 to 40°C for 24 h reduces body temperature of male broiler chicks at least 24 h later. Measurement of the fluctuations in body tem-perature by telemetry in fast growing broiler chickens might provide new insights on thermal regulation at different ages. Careful measurement of body temperature by thermometer in the terminal colon is a useful and reliable practical technique.
